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FOREWORD

Record numbers of sportsmen hunted waterfowl
in the U. S, A. in 1970, Also, interest in the sport
hunting of wildfowl in Conuda snd Mexico s
increasing. Consequently, waterfowl monagers have
been issued the demunding chatlenge of satisfying
this incrensing demund for waterfowl which must
be produced from a resource base thal is gradually
being eroded because of agricultural development,
urbunizatlon, water poltution, and other factors.

This chullonge has been met, at least for the time
being, thanks to a serendipilous weather cycle,
development of cffective fuct-finding and regu.
latory systems, und protection and improvement of
some critical waterfow] habitats, Yet those persons
who are most familine with North Americu’s
waterfowl manngement system are the most appre-
hensive of our capacity to deal effectively with the
next drought, a sudden increase in demand for
cultivated land, or with any one of several other
crises which could unexpectedly oceur,

 communitics, than he has the normal tools of’

iii

Waterfowt manngers, like other wildlife biolo.
gists, have been slow In applying and profiting from
modern technlques in vegetutlon mapping involving
aerinl photointerpretation, stercoscopy, and color
photography, In this Hierature review on vege-
tation mapping in  waterfowl biology, Gary
Robinson hus produced an  extremely useful
summary of the subject for the waterfowl muna-
gement practitioner, He has summarized relevant
litersture from u greal many sources which are not
readily avallable to the man in the field. Due to his
summary, | am confident that the rate of adoption
of these helpful technigues by waterfowl biologists

will be sceelerated. Hopefully, too, the waterfowl -

manoger will be encournged to accept more readily
spuceqge techniques, such ns multispectral photo-
uphy and electrople scanning which are now
cing developed within other scientific

vegetation mapping,
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NUTERATURE REVIEW
ON VEGETATION MAPPING
N WATERFOWL BIOLOGY.
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ABSTRACT

The loss of waterfowl habitat due to increasing
human population and humun needs hus reachied a
critical point. 1t is, therefore, imperative that the
remaining wetlund arcas be manuged for muximum
production if ducks, geese, swans, and other
aquatic wildlife are to be parl of the original
aquatic fauna, Although there is an expressed need
for vegetation mapping in wildlife monagement,
this technigue 1s  little used because nerial

photographs are cheaper, faster, and more accurate
than ground survey methods alone, However,
large-scale  vegelation maps allow the wetland
manager to foresee impending chunges and form
better development plans. For purposes of intensive
wetland  moanagement, good vegetation maps
prepared by specially troined -and  objective
rescarch personnel ure a nccessity,
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INTRODUCTION

Continued drainage and industrinl encronchment
on the remnunts of natural waterfowl breeding and
feeding grounds in the United States have created o
strious  problem  in  the muintenunce of our
continental supply of wuterfowl (Uhler 1966). It
must be kept in mind that, as human populations
continue to expand, total wetiond acreages will
become smaller, and the job of preewrvﬁlg and
developing  wetlands for  wildlife  will
become  correspondingly greater and  more
expensive (Shaw and Fredine 1966).

Therefore, it Is extremely important that measures
be developed promptly for replacing these recently
destroyed waterfowl habitals through construction
of new Dbreeding and wintering grounds for
witerfowl, on readily available sites which are not
being profitably utilized by man (Uhler 1950), It is
cqually important that methods be devised for the
improvement of existing waterfowl areas. Nelson
(1964) felt the future of waterfow! on this
vontinent  hinged on  the success of habitat
restoration and new wetlind developmoent,

Uhler (1944) found the altractiveness of nuturad
feeding and hreeding grounds for waterfowl to he
primarily dependent on the type and condition of
vegetation predominating in such areus, Griffith
(1964) believed that breeding grounds were more
thun just water and cover; they ust be of
particutar types and in particutar combinations to
suit the varying needs of the many waterfowl
species, A Lthorough understunding of the habits
uhd  requirements of waterfowl, and of
environmental forces acting upon  them, s
necessary if such areas are to be muanaged Lo the
best advantage for the purpose for which they were
crented (Willlams and Muarshall 1938).

Kuchter (1953n) stressed intelligent usc of the
lund, and that optimum results require a detuiled
khowledge of what and how much the land cun
produce under given circumstances. He concluded
that u detailed vegetation map would not only
revenl present conditions of the vegetation but

potentinl land use at its optimwn as well; and it
would save a planner innumerable time-consuming
trips into the fiekl, sppreciably reducing both time
nnd expense,

The use of cover mapping as an essential tool in the
field of wildlife management hus been discussed by
many authors (Dalke 1942, Gruham 1946,
Alexander 1989 and Mosby 1963). Such a map
needs lo be more than just a cover map becouse it
should {ndieate other  wildlife requirementy
furnished by the habitat (Alexander 1959). lle
therefore suggested thut the name *“*habitat map”
was more appropriate, However, Davis (1860) fell
the word “habltmt” oand its concept, when
employed as o discrete term in muany of the
biolugical sciences, hus become both vague and
restricted  during  the recent  expansion  ad
frugmentution of these sciences. Davis further
proposed that hubitats do not necessarily contuin
organisms  or  n portlewlur  organism  and,
consequently, there are both  oceupied and
unoceupied habituts, Therefore the criterin for the
habitat concept ure distinet from those of the term
und concept of environment,

The phrase “evaluation of wildlife habitat,” as
used by Mosby (1962), implies both intensive and
extensive offorts to estimate or appraise the value
of wvarious segments of the environment as they
relute to u given animal population. Generally, he
feels vegelstion is the most importunt aspeet of the
environment for most forms of gume animals,

Kuchler (1967), in discussing terminology, felt
that if o mup is entitled Vegetation Map of Jefferson
County then the logicnl cvonclusion is thul ft
portrays Lhe vegetation, If, however, the effects of
climate, soil, water, topogruphy, or other
environmental features are introduced, then the
map ceases to be a vegetation map sensu stricto. If
the title does not lend itself to an adequale
description, a subtitle is used Lo eluborate the title
und thus lead the reader in the right direction,




CRITERIA FOR MAPPING

GENERAL

'The purpose ol a vegetation map determines the
content and chargaeter of the map wd these, in
turn, determine the method to be used in prepuring
the map (Kuchler 1967). When the purpose of the
map s clewrly estublished and the desired content
and charpeter of the map have been determined,
then and only then, Kuchler (1967) believes, can
the mapper seleet an appropriate mapping method,
Vegetution maps satisly two groups of interests:
(1) they we fnventories of plant communities
existing at o given time and place; they show the
urenl distribution of vegetation Lypes und thereby
the extent of what is viduable ond desirable, and
the relation’ of topography lo the distribution of
vegetation; und  (2) through proper use and
interpretation of the vegetation map it is possible
to plan future action with regard to optimal land
use, Led, qhe best adaptation of land use to the
requirements of the people at any given period,
and also qualitative and quuntitative maxima of
productinn without dumage to the soil and water
ceonomy of the lundscape (Kuchier 195384). The
irmmedicte usefulness of a vegetation map, Kuchler
{19531) concluded rests on the fuet that it shows
the distributional aspecls of vegetation and that
Plants, and more especially plant communities,
indicatr the complex features of climate and soil,

Kucenler (1967) found the value of the carlier
Forest Service vegetation maps to be debatable,
but fell these maps were expressions of the
trial-and-error approuch. He felt it wos to the credit
of the Forest Service that b continued to map and
raise its standards. More recently, the Bureau of
Land Management, the Soil Conservation Service,
fish and wildiife sgencies, river busin authorities,
planning agencies, state geological surveys, the
National Park Service, and others have reslized the
need for vegetation mups of plant communities in
the areas under their jurisdiction (Kuchler 1967).
Wilson and Berard (19562) felu wildlife biologists
were unawore of the extent o which ccological
principles could be applied to interpretation of
acrin) photographs for cover mapping. Acquired
knowledge and  technique in  the use of
photographic interpretation does not yet exist in
wildlife manogement; in fact they (Wilson and
Berard) found the forester, as indicated by recent
methods, is more rapidly approuching the use of
certain ccological principles of value to the wildlife
profession in forested aureas than is the witdlife
biologist.

VEBETATION CLASSIFICATION

Hope has been expressed that a uniform method of

vegetation mapping would be developed so that .

various ureas would be comparable st
corresponding degrees of detall (Grsham 1946,
Kuchler 1951,1960, and Alexunder 19590). Grahan
(1945)  indicated  that  two  viewpolnts  were
common. The first and older idea grew from the
matter-of-fuet  ussumption that the objective of
cover mupping hud been satisfied when the existing
cover was clussified and mapped to show the
predominant plants on the ground, Unfortunately
such mups give no indication of the origin of the
types, The second and more recent viewpoint, In
coptrust to the purely descriptive procedure,
recognizes that conditions continually change, that
some Lypes were trungient and others were more
stuble, and that the sequence of ecological chunge
proveeded in an orderly manner. Later Kuchler
(1956) described two more recognizable attitudes
among wuthors of vegetation maps. ‘The [first

revesled o groping toward o clearer recognition of

what was involved in muking vegetation maps for a
glven purpose. Lack of background often resulted
in Inferior mups, und the anthor -might or might
nol hove been aware of these weaknesses, The
other altitude was that of thé author who

“believes” in the supceriority of his)!'system® and

applies it for all purposes. Kuchler (1051) found it
astonishing thol so many vegetation maps had been
published — which more or less ignored the
classifications varfous authoritivs had proposed.

The following discussion of vegetation classifica-
tion was taken from Kuchler (1961). *“Tle
basie ideas underlying all  clossifications of
vegetation as we find them on maps are very few in
number, The complexity of the world’s vegetation,
the great variety:of the purposes, the incaleuluble
personal elements, the problems of definition, the
historical und environmentul aspects, all would lead
one Lo believe that clussifications can be counted in
scores, A closer examination reveals, however, that
all vegetation maps are based on classifications
which rest on four busic concepts only, The many
vegetation maps are only variations of the same
themes and the grent variely among the existing
maps is due to the fact that these themes can be
employed singly or in combination and the

combinations are almost inlinite in number. The @

four basic themes are: 1, regional,
2, physiognomic, 3. floristic, and 4. ecological.”

The Regional Approach — The differentiation of
vegetation into regional units indicating the areal

affinities of the flora. This approach is relatively

rure‘
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The Physiognomie Approach = The lmportant
conclusions to which the physiognomic approach
muy lewd ure the vafue for comparntive studies and
the relutive case with which the pertinent duta can
be compiled, The physiognomic method
enorimously extonds the use of vegelution maps ns
it does not presuppose o tuxonomie knowledge of
the vegetation,

The Floristic Approach — The floristic composi.
tion is the basis of this procedure and the
unity shown on Lhe maps are plant communities
charncterized by certain species. A disadvantage of
the floristic approuch to mapping is the general
lack of Cumilinrity with the taxonomy of most
regions,

The Ecological Approuch — In itself, the recording
of environmental nspects certainly s not mapping
vegelation; but climate, soil, and other fentures
have such o strong effect on the distribution of
species and  plant communities that attempts
continue to incorporute the churpcter of the
etwironment into the map,

Kadlee (1960) used a system of vover mapping,
primarily species of emergent cover, based on
physiognomy. He fell an inspection of the data on

DETAIL REQUIRED

Mosby (1963} believed the greatest problem on-
countered In cover mupping relules to the
amount of detail to include. No definite unswer
can be given to this gquestion bevause vegetative
detail varies greatly, depending on (1) use of the
map; (2) the aren, or acreage; (3} time available for
mapping;  (4) principal  animal © species  under
consideration  (i.e.. scdentary small rodents or
migratory caribou); and (5) related faclors, In
general, the more intensive the managemoent or
sludid. the more detailed will be the cover Lypes
employed (Dalke 1943), Mosby (1963) cited
Grahum’s (1245) system of cover mapping based
on ecological successlon as one that may be
expanded 1o jnclude as much detail as may be
required, or abbreviated for extensive cover
mapping. Graham’s types are divided into three
principal groups depending upon their origin and
character: upland types, lowland types developed
from water ureas, and transition Lypes. either
highland or lowland. In explaining his system
Graham stated that by using exponential and
subletters with the appropriate capital letter, both
physiographic and disturbance conditions may be
represented; by adding exponentinl symbols to
represent predominant species, size, and degree of
stocking, the specific composition of a type may

species  composition  indieated no valld reason,
from a waterfowl management standpoint, lo
crente so muny types, His statements seem to
indicate u different interpretation of physiognomy
than deseribed by Kuchler (1851),

The ecologleal approach scems to be the most
populir and useful in wildlife management. Dalke
(1937) correlated the major plant assoclations into
un orderly arrungement of evological suecession to
provide a working basis for cover mapping, Provost
(1947) felt u discussion of marsh cover is rendered
meaningless if  the emergent  vegetation s
considered statie,  Wildlife  researchers  have
developed clussifieations for particular areas based
generally upon ecological suceession, such as Guthe
and  MeMurry  (1930) and Wight (1934) for
southern Michigan, Dalke (1937) for Connecticut
und  Missouri, Graham  (1945) for  Michigan,
MucConnell (1857) for Muassuchusetts, and
Alexander {1959) for central New York,

if un author wishes to prepare an ecologien] vegeti.
tion map, it is best for him to inspect o lorge
number of such maps, espeeinlly those that contain
the type of information in which he is interested
(Kuchler 19563,

VEGETATION MAPPING

be indicated. He felt this system lent Hself to any
degree of detail required.

The minimum size of cover types recorded onthe
map may vary considernbly. Dolke (1941) found
that on furm-wildlife areas, it is frequently
desirable (o indicate cover types ns small as two
acres, while in Jurge timbered areas, Lypes are rarely
that small except in the cuse of openings.

WETLAND MAPPING

Martin et al, (1853) developed o wetland clussi-
ficatinn system which was adopled by the
Bureau of Sport Fisheries and Wildlife, Using this
classification, Shaw and Fredine (1956) surveyed
the wellands of the United States. 'This
classification hus been followed for severul years by
biologists who found it useful in appraising general
wetland  conditions  throughout  the country
(Stewart and Kantrud 1969). For purposes of
research investigations, land acquisition, and more
intensive management programs Stewart and
Kantrud (1969) thought a clussification system

more closely oriented with regional and local

variations in the environment was needed, To
cstablish a sound Lasis for a general wetland

I
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classificution systemy for North America, more
detailed ccologival investigutions of wetlands In
each of the mujor biogeographical regions will be
required.

 Ruchler (1967) siressed that lnrge-seale mapping is
- needed for detalled maps of relatively small arcas

~,and for experimentation, Largescale vegetation
T imups  are needed most in ecologieal studies,

- whether basic or applied to silviculture, range

L Cmanugement, or land use planning. He concludes

" that whatever method the mapper seleets, he must
avold premature generalizations and must not

<o project ewrler coneepts into his observations.

AERIAL PHOTOGRAPHS

There are several rensons why vegetation mapping
progressed so rapidiy during the mideentury
period, and not the least of these were the fine
technologicat devices that permitied workers to do
things that seemed unthinkable a generation or two
ugo (Kuchler 1987) He contended that, from the
viewpoint of the vegetution mapper, the most
useful and significant wns nerinl photography.

Various fivld methods of vegetation mapping using
acrinl photographs have been described (Wilson
- 1922, Dalke 1937 and 1941, Trump and
© Hendrickson 1949, Wilson wmd Berard 1962,
~~Nelson 1954, Tenner 19566, Alexander 1955,
Viktorov, Vostokova, and Vyshivkin 1959,
Kuchler 1967, and Uhler and McGilvery 1969),

Although experiments in uerinl photogruphy date
buck to the lust century, it was not until World
War 1 that uny great advances were made in this
field (Leedy, 1948). In 1919, Thelen stated that the
possibility of producing aceurate topographic maps
from photographs has been appreciated for many
yewrs, and that the camera had been used for
limited lopographic surveys in India, France, and
ftaly, and almost exclusively in Cannda. He felt if
perinl maps were made recurrently, they would
afford the best possible permanent record of
changes and improvements in the forests. Wilson
(1920) predicted that we were still in the very
infuncy of this work and that, for mapping
purposcs alone, photographs were far superior both
in detail and accuracy to ground work,

Europe continues to lead the world in vegetation
mapping, and, os this field grows in importance on
ull the continents, the need for vegetation maps in
the United Sistes becomes more ond more

~urgent ... (Kuchler 1953b), Lecdy's (1964)
correspondence with wildlife biologists in Denmark
and England revealed that relatively little use was

being made of aerial photography in connection
with wildlife work in those countries, 1t appears
that wildiife biologists throughout the world ure
slow to realize the potential of vegetation mapping
und the use of nerial photographs,

TYPES OF AERIAL PHIOTOGRAPIS

Leedy (1948) expluined the two main types of
acrinl photographs, the oblique and the vertical,
“Vertical photogruphs are those made when the
uxis of the camern is kept us nearly at right angles
to the enrth's surfuce us possiile. Oblique photos
are those made with the optical axis of the camera
ut an angle to the vertical, High obliques are made
at n high sngle to the vertical so us to show the
hortzon, while those made ut a lower angle in
which the hurizon is not shown ure known os low
obliques,”

Compusite aerial pholographs are made with
canieras having one principal lens and two oy more
surrounding and oblique lenses (Leedy 1948), The
resulting photographs are rectified or transformed |
by memns of a speeinl projection printing machine
80 us to permit thelr sssemblage as verticals with
Lthe same scule,

A mosaie, explaing Leedy (1948), consists of sever-
al overlapping vertical photographs jolned
together. Unconlrolled mosaics may be made
simply by matching detall in the overlap or along
the borders of prints. This type of mosaice gives a
good pictorid effect of the ground, but may
contain o conslderable number of errors in scale
and direction. Controlled mosaivs are those in
which severnl photographs ure oriented by means
of points nlonyg the line of flight and ndjusted on
previously selected ground points. Such mosaics
are more fceurale,

Dalke {1941) felt that where available, aerial
photographs, cither as contact prints or mosaics,
provided the best and most accurate base maps,
‘These would be vertical photogruphs. Oblique
photos are effective for illustrative purposes in that
they provide a sweeping view in a more familiar
perspective (Leedy 1948). He wams, however, that
unlike vertical photos having scales fairly uniform
on any given print, the scale of an oblique’
decreases in  geometric progression from
foreground to background.

Lecdy (1848) suggested that aerinf photographs
may be obtained from governmental and private
agencivs; they wusually contain data on their
margins which aid in their use. Aerial photographs
are usually obtainable from the county agricultural



wgent, U, 5. Soil Conservation Service, the A.AA,,
and the U, 8. Army in some cases (Anonymous
1946). For mapping small ponds, Dobie and
dJohnson (1961) found uerlul photographs available
in most county seats inadequate because of the
small scale und the varintions In the scale. Kuchler
(1967) suggested thut phologrophs be tuken for o
specific purpose and to avold aerda! photographs
which are obsolete, ‘The polnt at which a
photegruph  becomes too old depends entirely on
the situation. This problem dovs not arise when the
photographs are specially token, preferably
uccording to the instructions of the author. Using
single.aerial photographs for land-use clussification
in the resurvey of southwest Georgin, Aldrich
(1953) concluded that the wccuraey of the
classification depended to o great extest on the
tccuracy of the photo-nterpreter, the age of the
photographs used, und the senson of the yewr
during which the photographs wete taken,

SCALE

The amount of detail that cun be shown ona map
Is mostly o function of the scale (it diminishes with
a  diminishing scale); and information on a
small.scule map is usunlly more generatized than on
u map with a laege scale (Kuchler 1967). He cites
Mcelinier's et al. (1951) demonstration of the
relation between the scale and usefulness of 2
vegetation map with maps of the Forest of Sainte
Baume, The forest was mapped at live dilferent
scites, thus permitting an illustrative comparison,
'This forest of historic interest is 2 kilomelers long
und 800 meters wide, 'The following exumples give
Hlustrutions of what can be detected on maps of
various scales, thereby giving the biologist o choice
of what is best [or his purpose:

Al the scale of 1:2,000 the map of the forest
covers an area 1 meter long and 10 centimeters
wide., With this large scnle it s possible to show
all detalls, even the exact location of some rare
spucies,

At the scale of 1:5,000 the map {s only 40 by
16 centimeters. It is still possible to show most
of the details that could be shown at 1:2,000,
although it is nccessary to use overprinted
symbols to avoid cluttering.

At the scale of 1:20,000 the forest measures
only 10 by 2 centimeters. Only mujor uspects of
the onk forest and the beech forests can now be
shown, without any indication of their density.
But all essential features of the vegetation can
still be shown,

At the scale of 1:50,000 the forest Is no more
thun 4 by 1.6 centimeters. Only the oak forest
und the beech forests can still be distinguished,
with perhaps some adjueent communities, The
bounduaries are only approximate,

At the scale of 1:200,000 the forest is reduced
to 10 by 4 millimeters, 'The boundaries of the
two major vegetation groups are now quite
innceurute and the reader cun gel no more than o
genera) ides of the vegetation,

Molinfer concludes that o general idea is inade-
quate for pructical purposes and that the very largest
scale (1:2,000) is the most useful for agricultural
planning because conditions can somoetimes vary
within a few meters. This is nlso true in marsh
management, which justifies the use of the lurgest
scale available,

Whut details are required depends on the individ-
ual enses there §s no point in having useale Ixu'|izur thun
necessary because it needlessly increases the cost
(Kuchler 1967). He feels the prospective author of
a vegetution map will find it useful to exumine o
variety of serinl photographs to determine which
scale s best odapted to his particulur needs,
Ultimately, the scale of the aerial photographs is
alfected by the scale of the planned vegetation
mup (Kuchler 1967), and a careful guthor will see
to it that the scale of the photographs is at least
twice as large us the scale plunned for the printed
map,

COSsT

The cost of acrinl photographs is only a small
fraction of the expenses generally incurred in
prepuring a vegetution map of the same quulity
without avriul photographs, i.e, by field survieys
only (Kuchler 1967). In 1920, Wilson found that
on the ground, in timber, with a party of 10 men
using a plane table, 50 square miles a month was the
uvernge area covered, us aguinst 200 square wiles per
duy with good photographic weather, At that iime,
his cost for complete photogruphic maps wrmed
out to be less than $25 per square mile, Wilson
{1922) reported thuy 12.8 hours were spent getting
acrinl photographs of 140 square miles for o
performance, in termis of useful photos, of 10.8
square miles per hour. A comparison of the two
wehnigues is cited by Wilson and Berard (1952),
“Using the line-plot method without aerinl
photographs, four months were reguired in which
to map the 8,878 ucres of Short Mountain Game
Refuge, Hompshire County, West  Virginia,
Employing averin] photogruphs, random smnpling,
and pattern mapping, only two months were spent

———— .
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in mapping the 11,020.8 acres of Sencea State™

Forest, Pocahontus County, \West Virginta, Both
arens were mapped during late spring and summer
months."

"The Bureau of Sport Fisheries and Wildlife, Region
2, had color uerinl photographs taken of three
nutional wildlife refuges in 1948, Table 1 shows
the cost of the photographs for eacls of the refuges.

Flnt Prunt “Lantal Coet qur
Hefuge Lot vt st aite Achs
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Naliouad Elk SHURLLOD S THOAM  SINUN 800N PRI
Munte Vista SHIBOO  $ L2000 SLagoun S0l 14,800

Tabile 1. Codl of qolot et p!ﬁm’mplu of the ll--.tr-lllwr. Nutiunal Elk,
and Mopte Vista Navionat Wildhile Befouges

STEREOSCOPE

Vertlenl photos with o GO percent overlap permit
the use of a stereoscope for detajled study (Leedy
1948), Stegeman (1939) stressed that  wildlife
studivs ure primurily of an ecological nuture, and us
such the recording of conditions in all three
dimensions is necessary to show the relativnship of
given objects to their environment. For this reason,
he felt that twoddimensionnl pictures even in
perfection leave much to be desired. Leesdy (1963)
und Kuchler (1967) stressed that the usefulness of
aerinl photographs I8 so much improved by
employing a stercoscope that 1™ is really un
essential tool. A single photographis equivalent to
viewing the landscape through on~ eye (Kuchler
1967). Carmeggiv (1968) states that the detail seen
on very large-scale photos (by viewing stercoscopic
images) will enuble the photo-interpreter to
differentinte plant communities accurately and
rupidly (by observation of the species composition,
plant height, and density), determine an index of
plant vigor, locate simple plots more effectively in
the field for conducting more detailed studies, and
identily soit surfoce charncteristics, such as crust
formation, texture, and rockiness,

COLOR PHOTOGRAPHS

Like all branches of modern technology, photo-
graphy is ropidly cvolving at the present time
and perbaps iU is not dilficult to forecast that the
near future will see most vegetative mapping done
with the help of aerial color photography (Kuchler
1967). Schulte (1951) found the photo-interpreter
of vegetation hus a difficult task when asked to
identify species of plants recorded on an aerinl
photograph., The difficulty, he feels, becomes ull

the more evident when it is renlized that plant
species cannot always be identified by eyesight
even ot close runge, ef, at 26 feet (scule 1:16 to
1:26), bul must be viewed with a hand lens for
specinl minute steyctures in the Mowers or on the
leaves, It mny not alwoys be necessary, from o
munagement standpoint, to ldentify to spucles,
Carneggie (19068) pointed out that
moisture-tolerant plants, such as sedges (Carex sp.)
and rushes (Juncus sp.), usually occupy marshy
habituts and that the photo-interpreter is able to
distinguish  between  sedges  and  rushes by
exploiting color differences between them,

Humans have the capability of discriminating
between an almost infinite number of different
culors, bul at most only a few hundred different
shudes of gray (Strandberg 1968). Schulte (1951)
stated: “In summer when all vegetation is green
little advantoge is obtained by use of color
photography. The resolution of detait and texture
putterns are muceh like that of black and white
photographs. Perhaps the greatest wadvantnge of
color photogruphy lies In its use for spring and
uutunn seasonal chunges; the time and place are
usunlly very limited especially when the uneven
rates of color change and the number of fair days
for photogeaphy are considered." Curneggic (1968)
stated that, given an optimum scale nnd season of
photography, the following types of information
can generally be extracted more readily from color
photographs than from conventionat field
Investigation: (1) delineating and clussifying plant
communities und their associated solls;
(2) determining specles composition and foliage
densily of the dominant shrubs, grasses, and herbs;
(3) determining un index of plant vigor, surface
rockiness, and texture, amount of asccumuluted
litter, presence of surface and subsurfuce moisture;
(1) eviluating forage utilization; and (6) locating
other features affecting range management .
including springs, stock-wateting sites, salt grounds,
fences, canals, noxious plants, rodent
concentrations, highly erodible sites, and areas in
need ol wseeding,

The use of acrinl photographs in mapping has
udvantages as well as dissdvantages. For mapping
extensive areas some major advantages are (Schultz
1952): (1) the low initlal cost of individual
photographs, and (2) the great amount of detail
available. Considerable help is indirectly obtainable
from the photos (Jensen 1947), First, they provide
control for the ground observation of species
composition through the prior delineation of vege-

tation elements; - and second, -they offer a means - -

for expanding the specles classification beyond
whal is actually seen on the ground through
observable terrain  and  vegetational-associated



relutionships visible both on the ground and from
photos, Some major disadvantages are (Schulta
1062): (1) the relatively high cost of reproducing,
in quantities, g finnl map containing the detals
availnble on gerial photographs; and (2) the luryge
number of individual aerinl photographs needed for
coverage of an extensive nrea which prohibits their
dircel use on a pructicul-composite mmp, Jensen
(1847) stated that uwers of the photo technique
should bear jn mind that the eerial photos are

rarely maps on aceount of inherent characteristics
thot cause areas to appear in other than thele true
slzes and shapes, Chiel among these churacteristics
are: (1) the varintion in perspective from verticeal at
the cemter of the photos W o degree of
obliqueness at their edges; nnd (2) the variation in
distunce between subject and camera lens that
causes differences in senle whenever the ground §s
not level,

FINAL MAPPING

SYMBOLS AND PATTERNS

The method of presenting vegetative units and
divisions is an importnt feature of the vegetation
map becuuse clurity and legibility of the map
depend on it (Kuchler 1967), The primary purpose
for using blackund-white patterns or color is to
distinguish  hetween  the  different  types of
vegelation.

Mosby (1963) cited Wight (1934, 1938), Dalke
(1937, 1941), and Graham (1946) as having
puinted out theneed forusing cover map symbols
bused on ecological succession. Kuchler (1967)
suggested that spacing of symbols can be done in
two ways. It pay be irregular, possibly implying
thut the position of u symbol on the map
corresponds to the actual location in the field,
Where numerous stunds of a plant community
permeate nn extensive vegetation type, it is clearer
and simpler to have the symbols spuced evenly
throughout the area involved. Graham (1945) felt
it necessary to odopt symbols to represent the
various tree, shrub, mxl herbuceous species used to
characterize types. For uniformity, he suggested, it
is desirable for all workers in a locality to use the
same species symbols on their maps insofor us
possible. Caution must be exercised, however, Lo
avoid expuanding the symbols employed to a point
where the mup becomes unintelligible due to its
complexity (Mosby 1963). Kuchler (1967) found
thut symbols con be given statistical values by
varying their character, size, and density (number
per unit area),

Additional information, e.4. game ranges, can be
superimposed upon a print of un uerinl photograph
merely by attaching a sheel of drafting acetate
containing the desired data to the field positive
prior to exposure (Schultz 19562).

coLans

Kuchler A(-1‘96‘Z>) suggested thni, wheﬁ nn.nutho'r
must decide on a color scheme for a new

e S e T

vegetation map, he will find it wise to study first
the use of patierns, volors, and symbols on other
vegetaution naps, He found the method of using
lotters or numbers to distinguish different types of
vegetation permits the production of vegelation
mops ut a low cost. The black color is used for
everything: vegetation bounduries, symbols, grid,
frame, title, Jegend, ete,, and henee only one plate
is required for printing, The chief disadvantage of
this method, Kuchler (1967) found, is that it fails
to show at a glinee the distribution of the various
vegetation types, He suggested the selection of
light colors, us they are usually more pleasing, make
the map more legible, and are especiatly useful in
connection with overprinted symbols, However, if
the number of colors on n map is large, it becomes
difficult to distinguish between them, especially
when the eye must go buck and forth belween the
legend and the map, Kuchler (1967) warned that the
overprinting of black symbols on black-und-white
patterns should be avoided because the reader finds
it difficult to rend und hence to use such o mup;
but, on a colored mup, symbols may he black or in
color, Black symbols are difficult to see on dark
colors, and colored symbols are not easily
distinguished from surrounding colors if the color
contrust Is weuk. He concluded that the elarity and
legibility of a wegetation map are  direclly
dependent upon the symbols, patterns, and colors
that are used on the map.

BOUNDARIES

The technical problems of vegetation boundaries
consist above all in deciding how the boundaries
are to be shown on the mup (Kuchler 1967). He
stated: “Boundary lines have the advantage of
making a map clear and of permitting precision to
a very considerable degree. But some nuthors
object to the sharp contrast between vegetation
types produced by continuous lines as being
unrealistics therefore they omit boundary lines
ultogether, The contrust between different colors
or patterns is considered ndequate to offset one
vegetation type from another whereus the sharp
lines are fell to exoggerate the differences.”



Transition types are likely to couse the greatest
dilficulty and have usually been neglected in cover
mapping, yet they often are the most importug
clements  from the standpoint of animul life
(Graham  1946). Kuchler (1967) indicuted the
transition zone should eertainly be shown 0L is
very wide, considering the scule of the map, He [ell
that where it is nierow, It may in some Instunces
be tynored, Grabim (1946) fell that narrow strips
along streams muy seem too insignificant to map,
even though the existence of sume unimals may
depend upon such o strip, Under his system of
nupping, transition zones can be shown even when
S0 narrow as to be indieated only by u line,

Inserting the proper symbol (at a break In the line)
will indicote clearly the existing conditions.

In the cuse of an invasion, the use of urrows can be
quite effective (Kuchler 1967), The artows are
shown {n the color of the invading community and
are overprinted on the invaded one, ‘The shape of
the arrows is related to the degree of success of the
invasion, thus: broud urrows imply a massive
invosion; slender arrows an invasion of modest
success ab Jeast up to the time of mapping: and the

length of the arrows shows the depth of
penetration,

ORGANIZATION OF MAP CONTENTS

TERMINOLOGY

A complete vegetation map, Kuehler (1967) felt,
should include the following: title, legend, frame,
seile, name of author(s), and year or yeuars
prepured,

A clear and unequivoceal terminology is imperative
on vegetation maps. Kuchler (1967) stated: “A
vigorous (sic) orgunization requires a set of ferms
cach of which produces the desired picture in the
mind of the reader. Strictness in terminology is
even more necessary than in organjzation because a
poorly organized map makes reading difficult
wherens poorly chosen lerms many prevent any
uppreciation of the information which the author
wishes Lo convey to his readers,” He suggested that
this attention to the quality of terms musl not be
limited to the legend ftems, 1L must be focused on
all terms used anywhere on the map.

Wilson and Berard (19562) found the value of the
complete map can be considerably inereased by

it
including three small insed maps showing soil types,
draitwge  busing, and topography, Jabni (1968)
pointed out that soil maps and reports are of little
use for delinenting specific wetlands (20 acres or
luss),

PROOFREADING

“To err is human—even the most careful mapper
cannot avoid making mistakes. All vegetative maps
must therefore be proofread: however, authors are
warned thut proofreading a vegetation map is very
different from proofrending an article. Therefore,
proofreading should be done at least twice, It is
ulways best to have the proofreading done by more
than one person, Everything must be proofread:
the colors, the patterns, the symbols, the
boundaries und their location, the title, the scate,”
the legend, cte. If the legend items are numbered
und the numbers are repeated on the map, then the
numbers must be proofread, too.” Kuchler (1967).

MANAGEMENT IMPLICATIONS

The distribution of habitat and its relative quulity
and sbundance have a profound effeet on where ond
when waterfowl oceur (Seamans et al. 1963), and
its management is vital to meet the objectives of
flywny management. Basically, Shaw and Fredine
(1966) recognized three components of waterfowl
hubitats—water, food, and cover, Public refuges are
developed and managed to produce the maximum
ol these three essentials from each ucre, Because of

the quality of the vegetation, both _aguatic and |

uplund, refuge management is  largely  plant
manngement (Shaw and Fredine 1956). They felt
that waterfowl utilization of u refuge — the only
frue measure of its value — is direetly related to the

.. techniques. .

abundance and availubility of desivable food und
cover plants. Waterfow]l management js becoming
increasingly intensive as it becomes necessary to sat.
isfy ever greater human recreational requirements
and integrate with changing habitat conditions
(Seamuns ot al. 1963). They concluded that to
meet present needs and those of the foresecable
future, hobitat management must become more
specifie, developing or utilizing rather exacling.

Mosby (1963) stated that cover maps are extrem-
ely useful for assessing general habitat



conditions. If the cover-mapping technique utilizes
the coologlen) approuch, Mosby (1963) found that
such maps can be projected for a period of years to
give the wildlife nvestigator 4 better understanding
of current habltat conditions and of those likely to
prevadl some years in the future, Conversely, If the
cover-mapping technique does not utilize the
ceological approach, the value of the map is Hmited
lo u compuratively short period of years,

In developing a habital map the wildlife manager
becomes well acquainted with the area, When he
finishes, e will have a map and much data on the
topography, drainage, soils, vegetation, and water
(Alexander 19568),

Vegetation maps, when uccompanied by contour
maps, may be used for development planning in
managed areas to control vegetation, Shuw and
Fredine (1966) suggested that by proper
manipulatioh of water levels, plant successions may
be controlled o obtain the moximum yields of
desitable plants, ‘They state that other marsh
munagement technigues used to control weed
plunts and to Improve the value of destruble plants
are controlled burning, use of herbicides, and
removal of undesirable plants by mechanical
meuns. ‘The muskrat, properly managed, helps to
crepte open water arcas in dense cattall marshes
(Shaw und Fredine 19566), and such openings can
be located by mapping, Vegelalion maps muy be
used to show nreas of emergent vegetation die.off
described by MceDonald (19556), or show areas in
need of, or the results of, undesirable plant
contro}, described by Uhler (1944).

Uhler stated that, before any plant control oper-
ntions are attempted, careful thought should
be given to the probable effect on adjocent areas
and to the possible biological repercussions within
the control unit resulting from chunges maude.

1

Along this same line, vegetation maps would be of
great value us land-use chunges on arens  outside
the management units. Plant species und their
distribution may be used s indicators of change in
quality of water entering the areas, ‘T'o ald in this,
Thorley (1968) used Ektachrome infrared
photogruphy to provide an index of siltatlon in
streams, to map the extent and type of Nouting
nquatic plants in lakes, and to deteet the presence
of ulgwl bleoms i reservoirs. This information is
important for the determinotion of waoter quulity,
and the suitability of o lake for waterfowl
inhabitation . . . (Thorley 1968).

‘I'hus, nerinl photographs permit a wildlife manager
or ecologist to understund the composition,
denstty, and distribution of wildlife cover; the
depth or water qguality of a lake or stream; the
extent of erosion und siitation; the type and
amount ol pollution; and other characteristics of
the environment in relotion to fish and wildlile
(Leedy 1968).

Alexander (1959) found that villues received from
habitat maps in wildlife management were
continuous, serving throughout as o basis for

minygement. 1T maintained, maps re habitat
changes and the results of managemen: stressed -
that attempting menagement without ., is poor

plunning.

Kuchler (1963u) concluded that vegetation maps
are not a punacea for all lund-use problems, How-
ever, he lelt that s maore knowledge 1s accumulated
concerning the preferences, requirements, and
tolerunces of plants and plant communities, it
becomes eusler to exploit a vegetation mup to
capucity; and as our knowledge of the indicator
vilue of plant communities grows und decpens, the
interpretation of a vegetation mup becomes more
efficient.



SUMMARY

Incrensed demands are being made on waoterfowl
vesources and their habitut as the human
population continues to  grow. Recreatlon,
industriol and agricultural development, and water
pollution give extreme urgency to the protection
and development of existing wetland areas, New
and improved methods of management are needed
if such nrens are to reach maximum produeltion,

‘There Is an expressed need for vegetative mapping
in wildlife wmanggement, whether upland  or
wetland, ‘Fhis technigue, however, is little used by
wildlife researehers or manngers. Phytogeographers
and foresters have led the way in the use of
vegetation mapy, although most of their work is of
small seale, Large-scale mapping is necessary for
purposes of research and intensive management.

Vegetation mups, when secompunied by soil und
topographic information, give land managers an
exceltent toul with which to forin development
pluns  and  foresee changes which may occur

11

naturully, A vegetative clnssificution system based
on ccological succession, despite some confusion
otherwise; I8 the best for munogement purposes,
Prospective  muappers  should  consult  systems
ulready proposed by various authorities rather than
devise new systems of their own. Then and only
then will maps of different arcas be comparable,

Technologicnl ndvances in necinl photography have
greatly incrensed the precision und reduced the
time requirad for vegetative mapping, It is now
fuster and more cconomicea), in the final unalysis,

to use gerlal photographs than to do field mapping
wilhout them,

A properly prepared vegetotion map gives rapid
visunl information about an arca and increnses
greatly the awareness of problems which may arise.
The development of wildlife management practices
for land arens, upland or wetland, without
vegelation mapping is poor planning.

o -
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